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Abstract 



The discrepancies found between S-wave and P-wave fits for hyperon decays 
are reinvestigated using the heavy baryon chiral Lagrangian formalism. The 
agreement is found to improve through the inclusion of previously omitted 
diagrams. The S-waves are unaffected by this, but the P-wave predictions 
are modified. A correlated fit to the chiral parameters is performed and the 
results discussed. 
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I. INTRODUCTION 



Chiral perturbation theory is an effective theory which obeys the symmetries of QCD and 
contains a number of parameters which must be determined experimentally. If the theory 
reflects nature, then the parameters should be universal. This can be tested through one-loop 
SU(3) breaking calculations for the decays of the octet and decuplet baryons. Uncalculable 
terms may yield corrections of up to 30 percent to these predictions, but if the variance 
in the comparison to experiment goes beyond this, the validity of the chiral expansion is 
questioned for that process, and the reliability of estimating unmeasured processes is open. 
The two-body weak As = 1 decays of hyperons are a natural place to investigate the validity 
of chiral perturbation theory. The experimental observables have been well measured, and 
calculations including leading logarithmic corrections (which appear through one- loop SU(3) 
breaking diagrams) have been performed A comparison of these results, however, 

showed that the parameters which fit the S-wave decays was inadequate for describing the P- 
wave decays. This caused concern about the legitimacy of the chiral Lagrangian expansion, 
at least for these processes In this paper, previously omitted diagrams have been 

included in the calculation of P-wave amplitudes for nonleptonic hyperon decay. A correlated 
fit to the three weak parameters is performed and compared to previous results. The fit to 
the data improves markedly when one of the strong parameters, which is not well constrained 
at present, is also allowed to vary. 



II. THE CHIRAL LAGRANGIAN FOR NONLEPTONIC DECAYS. 

Heavy Baryon Chiral Perturbation Theory (HBChPT), which is used to make predictions 
for hadronic processes at momentum transfers much less than one GeV, is introduced and 
well described in Ref . . The weak interaction portion of the Lagrangian needed for As = 1 
hyperon decays, which transforms under SU(3)l ® SU(3)r as an (8l, 1r), is outlined in Ref. 
|T|J^. The Lagrangian 

^ ^strong ~l~ ^weak 

contains the particles which are dynamic in the energy regime relevant for hyperon decay. 
This includes the lowest mass octet and decuplet of baryons, and the octet of pseudo- 
Goldstone bosons. 

Cstrong = i Ti {v V) + 2 D Ti B, Si; {A^, B,} + 2 F Tr B, S^; [A^, B,] 
- I Tl^ {v ■ V) + Am T,, + C (f,^ A^ B, + B, A^ T^^) 

+ 2nf^ S,, A'' T,^ + Y Tr d^lld^T.^ + ^ Tr (m,S + mjst) + • • • , (2.1) 

where / ~ 93 MeV is the meson decay constant, the light quark mass matrix niq = 
diaglrriu, rrid, nis} , and = c?^-|-[V^, ] is the covariant chiral derivative. The subscript v on 
the baryon fields makes explicit that, in HBChPT, velocity is a good quantum number and 
labels the field for this portion of the Lagrangian. The actual full Lagrangian is a sum over 
all such velocities on terms like that above. The By are the octet of baryons, and the 
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are the decuplet of baryons (the /z index is the Lorentz superscript for this Rarita-Swinger 
field). The vector and axial vector chiral currents used are defined by 



Higher dimension operators, which contain more derivatives or insertions of the light quark 
mass matrix, are not needed in Eq. ( p.l|) to the order we are working. The octet of pseudo- 
Goldstone bosons, M, appears through 

S.e-exp(H!^) . (2.3) 

The strong couplings constants F, D, C, and Ti. have been obtained by comparing one-loop 
computations of axial matrix elements between octet baryons to semileptonic baryon decay 
measurements ||^. The constants C and Ti are further constrained through the one- loop 
computation of the strong decays of decuplet baryons [^. This yields, 

L' = 0.6±0.1 F = 0.4 ±0.1 

1.1 < |C| < 1.8 -2.8 < Tt: < -1.6 , (2.4) 

Note that the sign of C remains a convention. The errors do not include theoretical errors. 
Assuming octet dominance (the AI = | rule), the As = 1 weak Lagrangian is 



C^eak = Gf ml V2U ho Tr B, {^^h^ , B,} + Gp ml V2U hp Tr B, [C^h^ , B,] 

+Gf ml V2U he X i^^hO + Gf ml K ^ Tr (/la^Sa^St) + ■ ■ ■ , (2.5) 



where 




(2.6) 



picks out just the As = 1 piece needed for hyperon decays. The constants ho^hF^h^^ 
and he are then fit to reproduce experimental data. Predictive power is obtained because 
there are many more observables than parameters. The pion decay constant /,r ~ 93 MeV. 
Factors of GFml\/2fT, are inserted in Eq. ( pl5|) so that the constants /i^, ^f, and he are 
dimensionless. Nonleptonic kaon decays suggest that the weak meson coupling /i^ = 1.4. 



III. HYPERON DECAY AMPLITUDES 

In this section, the formulae for the S-wave and P-wave amplitudes for AS* = 1 non- 
leptonic hyperon decay are discussed. The S-wave amplitudes were calculated previously 
0. The portion of the P-wave amplitudes coming from the diagrams in Figure |l] were also 
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calculated in 0. The pieces which are new and the subject of this work affect the P-wave 
amplitudes and arise from the diagrams in Figure |^. 

The total amplitude for a decay of an initial octet baryon to a final octet baryon, Bi — >■ 
BfTT is given by 

A = i Gf ml V2 ubj [A'-^^ + 2k ■ S^A^^^] ub, , (3.1) 

where k is the outgoing momentum of the pion and is the spin operator for the baryons. 
The amplitudes A^^^ and A^^^ are the S-wave and P-wave amplitudes. Of all physically 
possible decays within the octet of baryons, only four are independent after isospin symmetry 
has been imposed. In keeping with Refs. we will continue to choose those four to be 
S"^ — > n7r+, S~ nn~ , A —>■ pn~, and S~ An^ . The results will be given using the 
following definitions of A^^^ or A^^^: 



aS,P ^S,P I fnS,P ^S,P ^S,P\ ''^K I ''^K \ /n o\ 

Af = «./ + [(i^f - \f <^^f ) 77-^ ( ^ ) , (3.2) 

where 



X 



/f^ = C^ + C^ . (3.3) 

The kaon decay parameter and mass are fx and rriKi respectively, and the chiral symmetry 
breaking scale, ~ 1 GeV. 

The Oiij , PI J (including both octet and decuplet intermediate states, denoted (3^^ in 

Ref. §), and Ajf terms can be found in Ref. [0]. Despite apparent differences in amplitude 
definitions, these can be taken straight across because of the units used. The values finally 
obtained will be different simply because the fit to parameters will include the changes in 
the P-wave amplitudes. 

Similarly, the a and A^-^ are unaffected by the inclusion of the graphs in Figure 0. The 

jSfj'' in Ref. will now be called I3\^^^ and the new graphs will give /^fj'^''. The diagrams 
in Fig. ^ yield 

(P2) Dho + Shp , hp - ho . (F + D){hp - ho) , 

A^S+n ~ + -r As An 

3 rrzA — — rriN rn^, — rriN 

(P2) D hf) + 3hp hp — ho 

3 mA — rriN rn-£ — rriN 



(P2) _ 2D hp -ho F + D3hp + hD 

'Ar> — — 7= As 7= — 

V6 m-s - rriN ^yQ - niN 



with 



(P2) D-FShp-ho . 2D hp + ho . 

P-A ~ ~ 7= ^= "I 7= As , l-J.^J 

V6 rris- rriA ^/6 - ms 

X^ = ^D'-5DF+-F' + -C' 
6 2 2 

Aa = ^D^ + 9F^ + 
As = y + 3F2 + 

X^ = ^D' + 5FD + ^F' + ^C' . (3.5) 
o 2d 



IV. DISCUSSION 



The amplitudes obtained from including the diagrams in Fig. ^ are shown in Tables 1 
and 2. The experimental measurements, including errors, are shown in the first column. 
The second column contains the tree level SU(3) predictions, where the chiral parameters 
used are the ones extracted from tree-level fits. The third column shows the results of Ref. 
i- 

The fourth column contains the chiral one-loop predictions using weak parameters ob- 
tained by fitting only to the S-wave experimental values. To most closely match the analysis 
of Ref. 0, the strong interaction couplings are chosen to be F=0.4, D=0.61, \C\ = 1.6, and 
7i = —1.9. Letting the weak parameters /i/?, hp, and he vary, a fit to the S-wave decays 
yields i 

/iD = -0.32 ±0.01, /iF = 0.98 ±0.03, he = -1.37 ±0.27 . (4.1) 

The errors shown are only those which arise from the experimental variances. The param- 
eter he is not well determined and large variations in its value do not appreciably change 
the predicted amplitudes. The S-wave predictions are essentially unchanged using the pa- 
rameters above, and the loop corrected chiral predictions are in excellent agreement with 
experiment, as demonstrated in Ref. 0. The situation for the P-wave predictions is im- 
proved for S"*" — > nn'^, where the agreement is within the allowed 30 percent variation for 
chiral predictions. For the decays S — >■ nvr" and A — > pn~ , the additional graphs bring the 
prediction back to tree level values, while the S —>■ Att~ decay remains essentially unchanged. 

The fifth column in Tables 1 and 2 contains the results from using both S-wave and P- 
wave amplitudes to fit the weak chiral parameters. The tree level Q decays for which there 
are experimental results are used as well. Expressions for these are in Ref. 0. The strong 
decays of the decuplet favor midpoint values for \C\ and H of 1.2 and -2.2, respectively 0. 
A fit to ho, hp, and he in this scenario yields 

ho = -0.38 ±0.01, /ij. = 0.92 ± 0.01, /ic = 0.74 ± 0.18 . (4.2) 

The S-waves are still within 30 percent, but the P-waves get worse. The nonleptonic hyperon 
decays clearly favor a larger value for \C\ than do the strong decuplet decays. The dependence 
on Ti. is not as sensitive. 

Using the eight independent nonleptonic hyperon decays, along with the Q decays, and 
H = —2.2, the parameters C, h^, hp, and he are allowed to vary. The best fit is obtained 
when 

|C| = 1.76 ±0.01 = -0.42 ± 0.01, 

/iF = 0.76 ± 0.01 /ic = 0.26 ±0.10 (4.3) 

The matrix of correlation coefficients for this fit, given in the order [he, hp,, hp, C) is 



( 1.000 -0.914 -0.974 0.149 

-0.914 1.000 0.919 -0.024 

-0.974 0.919 1.000 -0.009 

V 0.149 -0.024 -0.009 1.000 ) 



(4.4) 
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The S-wave and P-wave amplitude predictions using these parameters are given in the final 
column of each Table. The S-waves remain well described, and all but the A pn~ P-wave 
modes do as well as the S-waves. This later decay amplitude becomes positive for parameter 
values still within ranges allowed by other observables, but the agreement remains poor. Still, 
the additional diagrams have improved the situation to the point where the chiral expansion 
appears to be on more solid footing with respect to the P-wave decays. As Jenkins points 
out in Ref. 0, the large corrections which the loop diagrams give to the tree-level results 
need not be taken as evidence that the chiral expansion is ill-behaved if it is the leading 
order terms which are anomalously small rather than the loop effects which are unnaturally 
large. 



decay 


S-waves 


exp 


tree 


theory 


theory (S) 


theory (A) 


theory 


S+ — > n7r+ 


0.06 ± 0.01 


0.00 


-0.09 


-0.09 


0.00 


-0.13 


n-K" 


1.88±0.01 


1.21 


1.90 


1.88 


1.74 


1.90 


A p-R- 


1.42±0.01 


0.91 


1.44 


1.42 


1.44 


1.28 


An- 


-1.98±0.01 


-1.19 


-2.04 


-1.98 


-1.91 


-2.02 



Table 1. The S-wave As = 1 hyperon amplitudes. The first column is the experimen- 
tal result and the next is the tree level prediction of chiral perturbation theory |T],0]. 
The third column contains the loop corrected results of Ref. 0. The "theory (S)" 
column gives the fit using S-wave predictions only, with the Ref. [0] values \C\ = 1.6 
and Ti. = -1.9. The "theory (A)" column fits both S-wave and P-wave expressions, 
but uses |C| = 1.2 and Ti = -2.2 taken from the strong decuplet decays. The last col- 
umn uses the parameters which were obtained from a best fit including both S-waves 
and P-waves, Ti = -2.2, and C fit, including the diagrams of Fig. |^. 
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decay 




exp 


tree 


theory |Q| 


theory (S) 


theory (A) 


theory 


S+ — s> nn^ 


1.81±0.01 


-0.06 


0.82 


1.54 


1.10 


1.83 


rnv^ 


-0.06±0.01 


0.13 


0.34 


0.16 


0.34 


-0.04 


A ^ pyr^ 


0.52±0.02 


-0.28 


-0.52 


-0.27 


-0.51 


-0.11 




0.48±0.02 


0.11 


0.35 


0.34 


0.67 


0.48 



Table 2. The P-wave As = 1 hyperon amphtudes. The first column is the experi- 
mental result and the next is the tree level prediction of chiral perturbation theory 
(^0. The third column contains the loop corrected results of Ref. [@. The column 
labelled "theory (S)" uses the parameters obtained from fitting to the S-wave expres- 
sions only, with \C\ = 1.6 and 7i = -1.9, and includes the P-wave diagrams of Fig. 
0. The "theory (A)" column fits both S-wave and P-wave decays, but uses |C| = 1.2 
and 7i = -2.2 taken from strong decuplet decays. The last column is the result of 
parameters extracted from a best fit of both S-wave and P-wave expressions, with Ti. 
= -2.2, and C fit, including the diagrams of Fig. ^. 
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FIG. 1. Feynman diagrams for P-wave As = 1 hyperon decay calculated in Ref. [2]. The 
wavefunction renormalization graphs are not shown. The dashed lines are mesons, and the solid 
lines are octet baryons. The unmarked vertex is a strong interaction and the black dots are weak 
vertices. 
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FIG. 2. Feynman diagrams for P-wave As = 1 hyperon decay included, in addition to the ones 
in Figure 1, in the present calculation. The dashed lines are mesons, and the solid lines are octet 
baryons. The unmarked vertex is a strong interaction and the black dots are weak vertices. 



9 



